The two-coordinate ring-expanded N-heterocyclic carbene copper(I) complexes [Cu(RE- 
Introduction
The first copper N-heterocyclic carbene mediated catalytic transformation was only reported a little over a decade ago but, 1 in the intervening time, Cu-NHCs have proven to be powerful tools for a range of catalytic reactions, including hydrosilylation, conjugate addition and carboxylation. 2 The copper catalysed 1,3-dipolar Huisgen cycloaddition reaction of alkynes and azides has also attracted considerable interest, 3 principally because it represents perhaps the best known example of a 'click reaction '. 4 Such processes display a number of characteristic properties: they can be easily carried out neat or in a sustainable solvent like water, can be performed without the need for airsensitive techniques and afford high yields of the desired products with good stereospecificity.
Two general classes of Cu-NHC complexes are used for catalysing this reaction:
neutral Cu(NHC)(halide) and cationic [Cu(NHC)2] + systems. 3a,3c In both cases, the presence of very strongly donating, 5-membered ring carbenes affords complexes that display the highest levels of catalytic activity. In the case of [Cu(NHC)2] + species, this has been rationalised by the need for one of the two NHC ligands to fulfil a secondary function, acting as a base to deprotonate the alkyne. This facilitates the formation of an alkynyl complex Cu(NHC)(CCR), which is a generally accepted intermediate on the catalytic pathway. 3i,5 With the dual roles of the carbene for both stabilising low-coordinate Cu(I) species and deprotonating the alkyne in mind, we have investigated the activity of a series of new cationic copper complexes (Scheme 1) containing NHCs with >5 ring atoms. These so-called ring-expanded carbenes (RE-NHCs) exhibit considerably different properties to their 5-membered ring counterparts. Firstly, they feature much wider NCN angles, 6 which can aid in the stabilisation of low-coordinate metal species.
7
Moreover, they are also known to be far more basic. 8 In an effort to try to differentiate the influence of stabilisation vs basicity, we have also looked at the catalytic behavior of similarly sterically demanding, yet less electron-donating, diamidocarbene (DAC) species.
9
The use of RE-NHCs and DACs in metal catalysed processes is still very much in an embryonic state, 10,11 particularly in comparison to the ubiquitous 5-membered ring systems. 2e, 12 We report herein that Cu-RE-NHC species with 7-membered rings show improved reactivity over 6-membered ring derivatives, and that in the case of both cationic and neutral Cu-DAC complexes, the presence of the diamidocarbene enhances catalysis performed on-water. anion. 13 The three complexes were isolated as air-stable solids in yields of 79, 48 and 17% (increased to 25% by performing a 14 h reaction at 50 C) respectively, the steadily decreasing yield presumably reflecting the difficulty in coordinating two increasingly bulky carbenes onto the copper center.
14 The complexes were characterised by a combination of X-ray crystallography and NMR spectroscopy. The X-ray structures ( Figure 1 ) exhibited the expected linear CNHC- In solution, the previously noted shift to higher frequency of the 13 
Scheme 2. Examples of rotameric forms of 2 in solution
Catalysis with RE-NHC and DAC Copper Complexes. The catalytic activity of the RE-NHC complexes 1-3 was compared using a test cycloaddition reaction of benzyl azide and PhCCH at room temperature with 2 mol% copper complex. All three complexes gave quantitative conversions to the triazole under neat conditions over 3 h (Table 1) . Lowering the catalyst loading (0.5 mol%) and shortening the reaction time to 45 min allowed the relative activities of the complexes to be established, the 7-o-Tol species 2 emerging as by far the most active system with 98% conversion to the triazole. 18 At 0.1 mol%, this complex afforded a conversion of 58% in 45 min.
When the reactions were run on 0.5 mL water, both of the 7-NHC species 2 and 3 were again more active than 6-Mes complex 1, although the relative ordering of 2 and 3 was now reversed. 2 showed no activity at all in CHCl3, however, quantitative conversion was found in MeCN, albeit very slowly, over a period of 3 days.
Scheme 3. Range of Cu(6-MesDAC) complexes employed in catalysis
In contrast to the RE-NHC complexes 1-3, the tetrafluoroborate salt of the DAC complex [Cu(6-MesDAC)2] + (4, Scheme 3) 19 was inactive under neat conditions (as well as in both MeCN and CHCl3). However, changing to on-water conditions, afforded 95%
conversion over 3 h at 2 mol% loading ( Table 1) . In light of their effectiveness under quite different conditions, the activity of 2 and 6 towards a range of alkynes with benzyl-and hexylazide was tested under neat and onwater conditions respectively at 0.5 mol% loading and 45 min reaction time (Scheme 4).
Although conversions were largely found to be poor in most cases under these conditions, two results stand out: the particular effectiveness of 2 towards PhCCH and either azide, and the extremely high reactivity of 6 for Me2NCH2CCH. 21 The catalytic conditions were chosen to allow relative performances to be discriminated, and no attempts were made to optimise conversions by running reactions for longer. However, better 12 conversions can almost certainly be achieved over longer times; for example, 0.5 mol% 6 gave a 77% conversion of PhCCH and hexyl azide to triazole in 180 min.
Scheme 4. Substrate screening (0.50 mmol azide, 0.51 mmol alkyne, 0.5 mol% Cu precursor, 45 min) with 2 under neat conditions (% conversions in red) and with 6 on 0.5 mL water (% conversions in blue).
Summary and Conclusions
We have shown that copper complexes incorporating either ring-expanded Nheterocyclic carbenes or diamidocarbenes are viable catalysts for the 'click' reaction of alkynes and benzyl/alkyl azides. Of particular note is the ability of both cationic and neutral complexes containing poorly-donating DAC ligands to show enhanced activity when used on-water. This raises some interesting questions relating to the mechanisms through which the DAC complexes react. In the case of the cationic species 4, one 13 carbene is presumed to act as a base towards RCCH, although the resultant conjugate acid of 6-MesDAC, which would be formed in such a step, is known to be extremely sensitive to water. 22 In the case of the neutral complexes 5 and 6, we have established 19 that they most likely stay intact as the dimer and trimer in solution; given that a dinuclear Cu species is now thought to be catalytically important, 5 could this account for their good performance? A wider point relates to whether the DAC complexes benefit from a stabilising hydrophilic interaction to the amido carbonyl groups, which might aid the onwater catalysis. Whether metal DAC complexes exhibit useful catalytic properties in other reactions in which water is a desirable or acceptable solvent remains to be established.
Experimental
All syntheses were carried out using standard Schlenk, high vacuum and glovebox techniques using dried and degassed solvents. NMR spectra were recorded at 298 K 8, 128.3, 128.2, 128.1, 128.0, 127.7, 127.6, 127.1, 127 .0 (all ArH), 53.0, 52. 8, 52.7, 52.5 (all NCH2), 25.1, 25.0, 24.7 (all NCH2CH2), 18.9, 18.5, 18.4, 18.3, 18.1, [Cu ( H 7.42 (7.38), N 6.77 (6.84) .
[Cu ( 6.24 (6.25), N 6.13 (6.20) . X-ray crystallography. Single crystals of 1, 2, and 3 were analysed using a Nonius Kappa CCD diffractometer. Data were collected at 150 K and using Mo(K) radiation throughout. Details of the data collections, solutions and refinements are given in Table S1 (see ESI). The structures were solved using SHELXS-97 24 and refined using full-matrix least squares in SHELXL-97.
General

24
The asymmetric unit in 1 was seen to comprise of half of a cationic copper complex and half of a tetrafluoroborate anion. The copper and boron atoms are coincident with a crystallographic 2-fold rotation axis which serves to generate the remainder of each moiety. The fluorine atoms in the anion are severely disordered. These were ultimately modelled as six fractional occupancy halides after several alternative elaborate models were discarded. The ADPs pertaining to the boron centre also suggest some positional disorder, which could not be modelled sensibly. B-F distances in the anion were refined subject to being similar and ADP restraints were included for the fractionaloccupancy fluorine atoms in the final least-squares, in order to assist convergence.
The diffraction data for 2 exhibited a sharp fall-off in intensity at Bragg angles above 20. Consequently, the data were truncated to a maximum 2value of 50 during the final least-squares refinement. Declining higher-angle intensities reflect, in part, structural disorder which has been modelled. In particular, atoms C2-C5 and C21-C24
exhibit positional disorder in a 65:35 ratio, over two sites. The fluorine atoms in the anion have also been treated as each being evenly split over two sites. This is an approximation, as there is evidence for additional smearing of the electron density in the tetrafluoroborate region of the electron density map. N-C, C-C, B-F and F … F distances pertaining to fractional occupancy atoms have been restrained to assist convergence.
ADP restraints have also been applied to the disordered atoms in 2. In addition to one cation and one anion, the asymmetric unit in 3 was seen to contain one molecule of dichloromethane.
Crystallographic data for compounds 1-3 have been deposited with the Cambridge 
